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CLAIMS 

What is claimed is: 



1 y 1. A method of detecting leaks- in an 

2 extracorporeal blood, circuit, comprising the steps of: 

3 \ detecting fluid outside a first portion of a 



4 



4 blood cii\uit; ' , ; \ f* m 

fc <: v x v .« v> 

5 ^d^ecting air%inside a second portion of a blood 
O 6 circuit located remote ^from said first portion such that 

W 7 fluid is not detectable from said second portion; 



=1= 



: — 



8 generating an alarm signal responsively to a 



l 0 

;~. 9 result of either or b\th of said steps of detecting. 

n 

u 1 2. A method\as in claim 1, wherein said first 

D \ ^ - 

^ 2 step of detecting include\ providing a -(fluid sensor below 

□ \ A ■ v_ 

fy 3 said circuit first portion a^nd sensing a presence of blood 

4 with said sensor. 

1 3. A method as in cifeim 1, wherein said second 

2 • step of detecting includes applying a positive gauge 

3 pressure to said circuit during a fi\st time and applying a 

4 ^negative pressure to said blood circui\ during a second 

5 time. 

1 4. A method as in claim 1, wherein said step of 

2 generating includes generating an alarm if ekther of said 
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Lrst and second steps of detecting results in an 
indication of a leak. 

5. A method as in claim 1, wherein said second 
step o\ detecting includes periodically reversing a flow.in 
said blo\d circuit. V ' V> 

A method as in claim 1, wherein said second 
step of detecting includes^pos^itioning a funnel with a 
fluid detectors under a blood processing machine. 



7. 



method as in claim 1, wherein said second 



portion includes 1?ubing linking a patient to a blood 

J 

processing machine. 

8. A method as in claim 7, wherein said first 
portion includes a portdW of said blood circuit at least 
partially housed by a bloc3^ processing machine. 

9. A method as i>& claim 8, wherein said step of 
detecting fluid includes directing a flow of „ fluid by 

gravity by means of a funnel .to \ fluid detector T 

r 

10. A leak detection syktem for an 
extracorporeal blood circuit, compril 

a fluid detector located in a\position to capture 
leaking blood from a first portion of sai\ blood circuit; 

a mechanism in said blood circuit \o, at least 
periodically, create a negative pressure in al\ portions of 
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7 \a patient side of said blood circuit such that any leaks in 

8 sc^d all portions will result in infiltration of air; 
an air infiltration detector located to detect 

air in\iltrating said second portion; 

an alarm connected to both said air infiltration 
detector a\d said .fluid detector and configured to generate 
an alarm sigfoal if either said air infiltration detector or 
said fluid de\ector indicates a leak. 

11. % device as in claim 10, further comprising 
2 a container positioned with respect to said fluid detector 
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to guide^blood le%ing from said blood circuit towai 3 said 
fluid detector. 

12. A devils as in claim 10, wherein said 
mechanism includes a device adapted to reverse flow in said 

A 

blood circuit. % \ 

13. A device as claim 12, wherein said device *"Ho(Jf' > c- 
adapted to reverse flow includes a reversing valve. 

14. A device as in cladm 13, further comprising 
a funnel-shaped container positioned with respect to said 
fluid detector to guide blood leakingifrom said blood 



circuit toward said fluid detector located at a bottom of 
said container. 
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15. A device as in claim 14, wherein said 
funne\-shaped container is built into a housing of a blood 
processing machine of which said blood circuit is a part. 

k 16. A device as in claim 10, wherein said air 

f , f j * 

inf iltratiolj detector is a detector of the presence of air + ^i^W 1 



in said blooa circuit, 



circuit , comprising : 



17. \A device for detecting leaks in a blood 



a first YLeak detector that detects leaks by 
sensingiblood outsi\e said blood circuit, said first leak 



J 



detector being located to detect leaks from a first portion 
of said blood circuit located remote from a patient; 

a second leak d\tector that detects leaks by- 
sensing air infiltration inhp lines under negative 
pressure; 

said second leak detector being configured to 
detect leaks in lines connecting s^id patient to said first 
portion; 

a mechanism that insures tha\ at least part of 
said lines are under negative pressure a\ least part of the 
time during a treatment such that a detectable air 
infiltration indicates a presence of a leak i\ said lines; 
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17 \ an alarm device that outputs an alarm signal 

18 responsiVely to a detection of a leak by said first or 

19 second lea\ detector . 
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18 \ A device as intdaim 17, wherein said second 
leak detector deludes a fifuid sensor^below said circuit 



first portion. \ - \ ^ 

19. A dd^ice as in claim 17, wherein said 
mechanism includes a \f low-reversing valve in said blood 
circuit effective to r<Werse flowVin said lines. 



A 



20. A device ag in claim 17, where in said first 
leak detector is located be^ow said first portion, said 
device further comprising a Mow director to concentrate > 
leaking fluid toward said first\leak detector. 

21. A method of detecting a fluid leak from a 



fluid processing machine, comprising the steps of: 

detecting infiltration of a&r into a fluid 



i 



circuit; 



detecting leakage of fluid frdfe said fluid 

circuit; 

generating an alarm responsively t\ said first 
and second steps of detecting. 
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22. A method as in claim 21, wherein said step 
of generating includes generating an alarm when either of 
said stefos of detecting indicates a leak. 

>3. A method as in claim 21, wherein said* first 
step of detecting is restricted to detecting infiltration 
into a firstXpart of said fluid circuit and said second 



step of detecting is restricted to detecting fluid leaking 



from a second part of said fluid circuit, said first and 
second parts hawng separate respective portions. 

24. A method as in claim 21, wherein said first 
step of detecting includes generating a negative pressure ^. 
in said fluid circuity 

25. A me thorn as in claim 25, wherein said step . 



HN22 of generating includes Reversing a flowjof fluid 



A 



.26. A method a\ in claim 21, wherein said fluid 



24 is blood. 
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27. A method as iriVclaim 21, wherein said fluid 
2 6 processing machine is an extracorporeal blood processing 

27 machine. 

28 28. A method of detectir&r a leak from a blood 

29 ^circui t^of an extracorporeal blood tngatment machine, 

30 comprising the steps of: 
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detecting leakage of blood from respective 
portions\of a blood circuit; 



said step K)f"' detecting including detecting 



different physical effects resulting from respective 



conditions associated with one or more leaks; 





said ^fspective portions including parts that are 
non- overlapping . 

29. A method as in claim 28, wherein said step 
of detecting included triggering an indicator of a leak 
responsively to a result of either of said respective 
different physical effects. 

30. A method a\ in dlaim 29, further comprising 

at least one of clampi ng a \luid line , stopping a pump, or 

actuating a flow controller Responsively to said indicator. 
\ 

31. A method as in c^Laim 29, further comprising 

triggering an alar m responsively\to said indicator. 

32. A method as in claoVi 28, wherein sa f id 

different physical effects include njje^inf iltration of air/ 

j\ 

into a blood circuit and the presence blood outside said 
blood circuit. 



33. A method as in claim 32, farther comprising 

52 controlling an output device responsively t%> said 

53 indicator. 
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54 \ 34. A method as in claim 32, further comprising 

55 at leasA one of clamping a fluid line, stopping a pump, or 

56 actuating\a flow controller responsively to said indicator. 

57 3%. A method as in claim 32, further comprising 

58 outputting ar\ alarm signal responsively to said indicator. 

59 36. \A method as in claim 35, wherein said step 
k 60 of detecting includes triggering an indicator of a leak 
f6I responsively to a\result of either of said respective 

062 different physical ^effects. 
;"63 37. A method as in claim 36, wherein said 



:,64 different physical effe 
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into a blood circuit 
blood circuit. 



include the infiltration of air 
and\the presence of ,blood outside said 

A 



38. A method as A claim 28,- wherein said 
different physical effects include the infiltration of air 
into a blood circuit by periodically generating a negative 



presence of jblood 

A 




pressure in said blood circuit andithe 
outside said blood circuit. 

39. A method as in claim 3§^ wherein said step 

p 

of generating includes reversing a flowSdf blood. 

A\ 

40. A method as in claim 28, wfiterein said 



different physical effects include the yinf ifltration of air 6*1- 

\ £> 

into a- blood circuit by periodically reversing^ a flow of 
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)lood in said blood circuit using a reversing valve and the 
esence of ..blood outside said blood circuit. 




41. A method as in claim 40, wherein said 
presence is detected using a sensor located inside a 
housing \f said extracorporeal blood treatment machine. 

12. A method as in claim 40, wherein said 
presence is\detected by guiding and concentrating a leaking 
flow of blood\toward a*)fluicl sensor. 

^ i r V 

43. ^ device for detecting a fluid leak from a I ><^!j?k} 
fluid processing \iachine, comprising the steps of: 
an air de\ection sensor located to detect 



circuit 



infiltration of air ii^to a fluid circuit of said fluid 
processing machine; 

a fluid detector^located to detect a leakage of 
fluid from said fluid 

an alarm connected t^ said sensor and said fluid 
detector and configured to outpirk an alarm signal 
responsively to signals therefrom. 

44. A device as in claim \3, wherein said alarm 
is adapted to output said alarm signal\when either said 
sensor or said fluid detector indicates \ leak. 



45. A device as in claim,43, wh\rein said sensor 



m 



is located to detect|irif iltration^fnto a fir\t part of said 
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Luid circuit and said fluid detector is located to detect 
flurd from a second part of said fluid circuit, said first 
and sec^pd parts having separate respective portions. 

\£. A device as in claim 43, further comprising 
a mechanism adapted to generate a negative pressure in said 
fluid circuit, tow cause air to infiltrate into a breach in 
said fluid circuit^ 

47. A dev\ce as in claim 46, wherein said 
mechanism is adapted t\ reverse a direction of flow of 
fluid in said fluid circMt. 

48. A device as\.n claim 43, wherein said fluid 
circuit is a blood circuit, 



49. A device as in c^im 43, wherein said fluid 
processing machine is an extracorporeal blood processing 
machine . 



50. A device for detecting \ leak from a blood 

116 circuit of an extracorporeal blood treat\ent machine, 

117 comprising the steps of: 

118 respective detectors located to deB^ect leaks of 

119 blood from respective portions of a blood circuit; 



at least two of said respective detectors 



121 including -sensors configured to detect different physical 

-t ±\m<^r^:- LS/ 



122 effects correlated with one or more brood leaks; 
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said respective portions including parts that are 
non- overlapping . 

A device as in claim 50, further comprising 

an output de ^ce connected to receive signals from said 

_ ^ r ^ ^1 

respective det^ftors and to output a ^signal responsively 
thereto. 

52. A device as in claim 51, further comprising 
at least one of a flukLd line clamp, a pump, and an actuator 
of a flow controller, connected to be controlled by said 
output device responsive^ to said jsignal . 

A 

53. A device as\in claim 51, further comprising 
*B34 an alarm connected to be triggered by said ^signal . 

v A 

54. A device as in\:laim 50, wherein said 



123 
124 
125 
126 
127 



128 



129 



different physical effects inclujde the infiltration of air 
into a blood circuit and the presence of Ablood outside said 
blood circuit. 



55. A device as in claim 3A, further comprising 

140 an alarm connected to receive signals %om said respective 

141 detectors and to output a signal responsively thereto. 

142 56. A device as in claim 54, further comprising 

143 an output device connected to receive signal^ from said 

144 respective detectors- and to^ output a signal rJteponsively 



145 thereto and ^at least one of a^fluid line clamp, \i pump, and 

A : — 
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an actuator of a flow controller, connected to be 

Dntrolled by said output device responsively to said /t^n^/^^&^- 
signal . 

57. A device as in claim 54, further comprising 
an output device connected to receive signals from said 
respective Vetectors and to output a signal responsively 
thereto and an alarm connected to generate an output 
responsively tasaid signal. 

58. A>device as in claim 57, wherein said output 
device and detecto*\s are configured such that said signal 
indicates a leak if either of ^^^^^^^ said respective 
different physical effects indicates a leak. 

59. A device a^s in claim 58, wherein said 
different physical ef f ects\include the .infiltration of air 
into a blood circuit and the\presence of blood outside said 
blood circuit. 

60. A device as in clc^im 59, wherein at leas A t f> 
one of said detectors includes an £&£r sensor and a " ^ ^S'V'V 



mechanism adapted to periodically generate a negative 
pressure in said blood circuit suchthak air infiltrates 
said blood circuit through any openings tHgrein. 

61. A device as in claim 60, whe^fein said 
mechanism includes a mechanism adapted to reverse flow. 
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62. A device as in claim 50, further comprising 
reversing valve, said different physical effects include 



the inf iltrefte^on of? v air into said blood circuit caused by 
periodically revising a flow of blood in said blood 



circuit using said 



sr sing valve. 



63. A device assan claim 62, wherein said 
detectors include a fluid sensor located inside a housing 
of said extracorporeal blood treatment machine 

64. A device as in claim 63V further comprising 
a flow guide adapted to guide and concentrate a leaking 



|179 flow of blood toward said fluid sensor. 
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